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SUMMARY 

A portable instrument is described which quickly indicates the 
presence or absence of myocardial activity.  The instrument consists 
of two probes connected by a flexible retractible coiled cable. The 
stainless steel tips of each probe constitute the input connections of 
the enclosed circuitry and, in use, are placed in contact with the skin 
on the precordium. The electrical signal present between probe tips 
is processed by a network of filter, trigger, and logic circuits, the 
result of which is a bright flash of a light-emitting diode for each 
QRS complex present at the input. 

Because of its simplicity of operation, this device could easily 
be used by paramedical personnel as well as physicians in a variety of 
emergency situations. 
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INTRODUCTION 

The electrocardiogram (EKG) can be detected for some time after 
rhythmic myocardial activity cannot be readily ascertained by auscultation 
or palpation even under ideal conditions.  Regular electrocardiographic 
activity may continue for more than a minute after intra-arterial pressure 
recordings indicate a sudden loss of effective pulsations (1). A quick 
objective decision as to the presence or absence of rhythmic myocardial 
electrical activity often becomes a.significant factor in the triage of 
severe mass casualties either military or civilian. 

The instrument described is a miniature, battery-powered, solid- 
state device which indicates the presence of an EKG by means of a flashing 
light and/or an audible signal ip  a miniature earphone.  Because of its 
simplicity of operation, this instrument could easily be used by paramedical 
personnel as well as physicians. 

INSTRUMENT DESCRIPTION 

A prototype low-.level EKG indicator has been constructed of discrete 
components.  Physically the instrument consists of two probes, each 8 inches 
long by 1-1/4 inches diameter, connected by a flexible retractable coiled 
cable. The stainless steel tips of each probe constitute the input connections 
of the enclosed circuitry, a block diagram of which is shown in Fig. 1. 
Figure 2 is a complete schematic diagram of the circuit.  In use, the probe 
tips are placed in contact with the skin on the precordium.  The voltage 
appearing between these two probe tips consists of a low amplitude 
(0.3 to 2.5 millivolts peak-to-peak) EKG signal synchronous with heart 
action and "noise" of varying degrees of severity. The noise signal arises 
from a number of sources with some of the higher amplitude components coming 
from 60 Hertz power line interference, low frequency interference from 
"electrode" (probe tip) movement, and broadband interference from muscle 
tension (electromyogram).  For simplicity of operation, the instrument uses 
only two input "electrodes", rather than the three normally employed in 
recording EKG's with a differential amplifier.  Extensive filtering, rather 
than common-mode signal rejection is utilized in processing the input signal. 

Referring to Figs. 1 and 2, the signal enters via the two input probes, 
one of which is connected to system common.  Following the input coupling 
capacitor, Ql and Q2, low-leakage complementary bipolar transistors connected 
in a diode clipper configuration, limit the signal to approximately ±600 millivolts 
to protect the input junction field-effect transistor (FET), Q3.  The input 
stage provides a voltage gain of approximately 15 above the cutoff frequency 
of 6 Hertz (-3 dB), determined by the input capacitor and the FET gate resistor. 
This resistor also determines the input impedance (2.7 Hü). 

The QRS complex of the signal is then filtered out by means of an 
active filter consisting of a high gain amplifier, Q4, Q5, Q6, with a twin-T 
feedback network.  The low-pass characteristics of this filter approximate 
those of a third-order Butterworth above about 20 Hz.  First order high-pass 
filtering in this filter is provided below about 11 Hz by the 0.1 pF coupling 
capacitor between Q4 and 05. 
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Figure 1.     Block diagram of the portable EKG detector. 
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Figure 2.  Complete schematic, diagram of detector circuit.  All NPN 
transistors:  2N.4124, all PNP:  2N4126, 03 and Oil: 2N4220. 



This filtered signal is then amplified by Q7 and Q8 with additional 
bandpass filtering over the same frequency range provided by the 1 yF input 
coupling capacitor and the 0.05 yF capacitor in the feedback loop. Within 
the passband, the voltage gain of this amplifier is approximately 150. An 
emitter follower, Q9, is used to provide a low impedance driving point for 
Q10, a phase splitter. So that no polarity is associated with either input 
probe, the signal and a 180° inversion of the signal are taken from the 
emitter and collector of Q10 through coupling capacitors to two 1N933 germanium 
diodes for full-wave rectification. Detection of amplitude modulation of 
this rectified waveform, due to the QRS complex, is accomplished with a 
two-stage filter with a time-constant of approximately 50 milliseconds, This 
technique eliminates the possibility of sustained 60 Hz triggering. The 
high input impedance of source follower, Qll, prevents excessive loading 
of this detector filter. 

The resultant pulses corresponding to the QRS complexes are first 
amplified by Q12 and Q13 and then sharpened by a Schmitt trigger consisting 
of a comparator, Q14 and Q15, and switch Q16. The threshold trigger level 
is established by the voltage divider biasing the base of Q15f 

Another emitter follower, Q17, then couples the output of the Schmitt 
trigger, consisting of pulses of equal amplitude, to a monostable multi- 
vibrator (one-shot), Q18 and Q19. This circuit produces pulses of equal 
duration as well as amplitude. The pulse duration is determined by the 
base resistor of Q19 and the coupling capacitor between Q18 and 019. For 
the values shown, pulse duration of approximately 100 milliseconds are 
produced. 

These pulses drive another transistor switch, 020.  Between output 
pulses from 020, the 56 yF capacitor in the output driver is charged through 
the 6.8 K series resistor in the positive power supply line. An output 
pulse from Q20 causes Q21 and Q22 to conduct, thus discharging this capacitor 
through the Monsanto MV-50 light-emitting diode (LED) and causing the LED 
to blink brightly once for each QRS complex present at the input. An emitter 
follower, Q23, driven by Q21, presents 5 volt pulses at an output jack for 
optional display or recording as desired. After the LED fires, the storage 
capacitor recharges through the series resistor. 

Using a LED for an indicating device has the advantages of providing 
higher brightness for a given current drain as well as a much longer life 
span in comparison with an incandescent bulb. Although the peak current 
drawn by the LED when it lights is 15-20 milliamperes, by using the capacitive- 
discharge system shown the drain on the system power supply is reduced to an 
average of 1.2 milliamperes continuous drain (including the entire circuit) 
with peak-to-peak variations of about 40 microamperes occurring during a 
typical LED firing cycle.  It is necessary to minimize large, fast fluctuations 
in current drain to avoid variations in the power supply voltage used to 
power the initial high-gain stages (Q3-Q13).  Such voltage variations, if 
allowed to occur would appear as QRS signals to the Schmitt trigger and 



oscillations would develop due to feedback along the power supply lines. A 

regulated power supply, consisting of a Zener diode (1N4737), series 
transistor Q24, and filter capacitors, is used to power all circuitry 
preceding the one-shot. 

In addition to, or instead of, the blinking LED, an audio oscillator 
driving a speaker or earphone could be turned on and off to provide an 
audible indication of QRS complexes. 

RESULTS 

Figure 3 iTlus'trates;-the method used to evaluate the ability of the 
instrument to detect QRS complexes superimposed on varying degrees of "noise". 
This test circuit consists of a conventional EKG system employing three 
electrodes and a differential amplifier with a voltage gain of 500, a sine 
wave generator, and a network that permits mixing the outputs of the two. 
By placing the two input probes across the resistor at B as shown in Fig. 3, 
the minimum QRS amplitude required to reliably trigger the detector can be 
determined for various conditions of "noise" or interference. 

The data shown in Fig. 4 was collected by adjusting the output level 
of the EKG amplifier shown in Fig. 3 to a given QRS amplitude, ranging 
from 0.2 to 2.0 millivolts. The amplitude of the sinusoidal interference 
signal, superimposed on the EKG signal at point B, was then adjusted to 
be the maximum that would not cause erroneous triggering of the detector 
circuit on the QRS complexes.  For example, with a peak-to-peak QRS amplitude 
of 1 millivolt, the detector will reliably trigger once for each ORS for 
superimposed 60 Hz interference signals of 42 millivolts or less.  Above 
that amplitude, the ability of the circuit to distinguish QRS complexes 
is impaired. 

The linearity of the three curves in Fig. 4 above a QRS amplitude of 
200 microvolts suggests plotting a continuous spectrum of the maximum amount 
interference tolerable by the detector.  This data, shown in Fig. 5, was 
also collected with the method shown in Fig. 3.  The unit will accurately 
detect QRS complexes superimposed on interference levels which fell below 
the ratios of interference-to-QRS amplitude indicated by the curve.  Thus 
for example, the instrument is capable of detecting QRS complexes when 
superimposed noise at either 1 Hz or 60 Hz is less than about 31 dB greater 
in amplitude than the QRS. 

Figure 6 illustrates three examples of the operation of the unit. 

In Fig. 6a a QRS signal of 1 millivolt peak-to-peak amplitude is 
barely discernable on 60 Hz interference of about 30 millivolts peak-to-peak 
amplitude.  (This corresponds to a "interference-to-QRS" ratio of about 
29.5 dB).  As shown by the regularity of the output pulses, the detector 
was triggered reliably. 
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Figure 3.  Schematic diagram of the method used for bench-testing the 
ability of the EKG detector to reject varying degrees of 
"noise". The lettered chart recordings represent typical 
waveforms at the correspondingly lettered points on the 
schematic with B being the test input to the EKG detector. 
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Figure 4.  Minimum peak-to-peak QRS amplitude required to reliably 
trigger the' detector as a function of the peak-to-peak' 

...amplitude, of. a superimposed interference signal.  Curves 
, are,:shown for sinusoidal interference signals at three 

different frequencies. 
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Figure 5. Continuous spectrum of the maximum amount of superimposed 
sinusoidal interference that the detector is capable of 
rejecting. The area under the curve indicates those levels 
of noise relative to the amplitude of the QRS complexes, 
at which the instrument will reliably operate, 
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Figure  6.     Examples  of the detector's  ability to reject  interference. 
A 1 millivolt QRS signal  is  superimposed on: 

(a) 30 millivolts of 60 Hz  interference 
(b) 30 millivolts  of 1  Hz  interference 
(c) Varying  amount  of 2 Hz  interference   (Note  erratic 

triggering at higher amplitudes). 



Figure 6b shows the ability of the detector to reliably detect QRS 

complexes with a comparable level of 1 Hz interference. 

Figure 6c illustrates the inability of the detector to extract the 
QRS from 30 millivolts of 2 Hz interference. At that level, the detector 
is triggered by the 2 Hz sine wave, rather than by the superimposed QRS 
complexes.  As the amplitude of the interfering signal is decreased from 
18 to 8 millivolts, the triggering is erratic; below 8 millivolts the unit 
triggers on the QRS complexes. This level of performance is in concurrence 
with the graph in Fig. 5. 

Figure 7 illustrates examples of "noise" that is capable of causing 

unreliable triggering of the QRS detector. 

Figure 7a shows that even high levels of 60 Hz signals cannot cause 
sustained triggering of the unit as long as the amplitude is not rapidly 
modulated.  For example, in Fig. 7a the amplitude of a high amplitude 
60 Hz input signal is slowly varied, with no resultant extraneous output 
pulses.  If this signal is rapidly varied in amplitude, however, as in 
Fig. 7b, the unit will be triggered. 

Figure 7c illustrates sustained triggering of the unit for high 
amplitude input frequencies between 5 and 22 Hz, the triggering is erratic; 
above about 22 Hz triggering does not occur. 

DISCUSSION 

Figure 8 illustrates the operation of the low-level F.KG detector.  Its 
portability and ease and speed of operation should make this instrument useful 
in a number of military and civilian applications including in hospital 
emergency rooms, on ambulances, helicopters and other emergency vehicles and 
in the field or on house-calls.  The instrument should also prove useful in 
evaluating the effectiveness of a defibrillator in the treatment of ventricular 
fibrillation, a procedure which often destroys or saturates the input stages 
of conventional EKG monitoring equipment. 

Further reduction in the size of the instrument would probably be 
useful to facilitate its being carried in a pocket or instrument bag. 
Presumably the use of integrated circuits, rather than the discrete components 
used in the construction of the particular unit described, would enable 
a considerable reduction in size. 
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Figure 7.  Examples of "interference" that can cause unreliable operation 
of the detector. 

(a) 60 Hz interference slowly varying between 500 and 1350 mv n-p 
(No faulty triggering) 

(b) 500 mv p-p, 60 Hz interference turned on and off at 1 cycle per sec. 
(c) 1 volt p-p interference swept in frequency from 60 Hz to 3.5 Hz. 
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i 
Figure 8  In use, the probe tips of the instrument are placed m contact 

with the skin on the precordium. The light-emitting diode on 
the end of one probe flashes once for each QRS complex detected. 
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